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Mount solder on portion of conductive mounting platform
of lead frame structure. 302

Mount first surface of die on solder surface. 304

Mount solder on second surface of die. 306

Attach clip structure to top of lead frame. 308

Encapsulate assembly to form semiconductor device.
310

Figure 3



U.S. Patent Oct. 16, 2012 Sheet 3 of 6 US 8,288.200 B2

Fig. 5
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SEMICONDUCTOR DEVICES WITH
CONDUCTIVE CLIPS

TECHNICAL FIELD

The present embodiments relate generally to the field of

semiconductor devices and, more particularly, to a clip
attaching process for use 1 semiconductor devices.

BACKGROUND

Rapid growth 1n the electrical industry has produced a need
tor electrical devices that are smaller 1n s1ze but that operate 1n
high-power architectures to support multiple features/func-
tions. A high-power device generally supports high current
and produces very high-power, which requires the device to
have efficient heat dissipation capability. Typical two-termi-
nal surface-mount discrete power semiconductor devices
consist of a lead frame on which the cathode/bottom side of a
semiconductor die or chip 1s mounted, and a clip that connects
to the anode/top side of a semiconductor die. Manufacturers
have started using conductive clips for high-power devices
mstead of gold wire or aluminum wire to connect the thin
layer of metal on the top of die to the leads of the lead frame.

The clip attaching process for attaching the conductive
clips to components of the device typically include cutting the
clip from a clip reel, picking up the clip from the clip reel, and
attaching the clip to the die surface. Use of conducting clips
however introduces issues like clip movement that have
increased the difficulty and cost of manufacturing the semi-
conductor package and reduced the units per hour (“UPH”)
rate 1n assembly. Consequently, there 1s a need for a semicon-
ductor device process that includes a new clip attaching pro-
cess that solves these 1ssues while allowing for quick attach-
ment of the clip on the die surface to connect the thin layer of
metal on the top of die surface to the lead of substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a lead frame structure, under an embodiment.

FIG. 2 1s a clip structure, under an embodiment.

FIG. 3 1s a flow diagram for forming a semiconductor
device using the lead frame structure and clip structure, under
an embodiment.

FIG. 4 shows solder after mounting on a portion of the
conductive mounting platiorm of the lead frame structure,
under an embodiment.

FIG. 5 1s a semiconductor die mounted or attached to the
solder, under an embodiment.

FIG. 6 1s a clip structure attached to a lead frame structure,
under an embodiment.

FI1G. 7 1s an encapsulated semiconductor device attached to
the lead frame and clip structures, under an embodiment.

FIG. 8 1s a schematic of a portion of a lead frame structure
including a number of conductive mounting platforms, under
an embodiment.

FI1G. 9 1s a schematic of a portion of a clip structure includ-
ing a number of conductive clips, under an embodiment.

DETAILED DESCRIPTION

A semiconductor device or “device” 1s provided that
includes a conductive mounting platform, a semiconductor
die, and a conductive clip. The clip attaching process for
attaching one or more conductive clips to components of the
device allows for quick attachment of the clip(s) on the die
surface to connect the thin layer of metal on the top of die
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surface to the lead of substrate, and provides a device suitable
for high-power applications. The device formation process of
an embodiment generally includes forming a lead frame
structure that includes multiple conductive mounting plat-
forms used as bottom heat slugs, mounting solder on one or
more portions of each conductive mounting platform, mount-
ing a first surface of a semiconductor die on the solder surface,
mounting solder to a second surface of the die, mounting the
clip structure to the lead frame structure, wherein this mount-
ing forms an electrical connection between a portion of the
surface of each conductive clip and the die.

The following description provides specific details for a
thorough understanding of, and enabling description for,
embodiments of a semiconductor device and device forma-
tion process. However, one skilled 1n the art will understand
that the device and process described herein may be practiced
without these details. In other instances, well-known struc-
tures and functions have not been shown or described 1n detail
to avoid unnecessarily obscuring the description of the
embodiments described herein.

A semiconductor device 1s described that includes a die
connected between a conductive platform and a conductive
clip. The semiconductor device 1s formed by a process that
includes mounting a first surtace of each of multiple die to
cach of a number of conductive mounting platforms of a lead
frame structure. The process also mounts a clip structure to
the lead frame structure, the clip structure including a number
of conductive clips. Mounting of the clip structure to the lead
frame structure includes aligning each of the conductive clips
with corresponding ones of the conductive mounting plat-
forms so that a portion of each of the conductive clips contacts
a second surface of a corresponding die.

FIG. 1 1s alead frame structure 100, under an embodiment.
The lead frame structure 100 includes numerous conductive
mounting platforms 102, each of which 1s used 1n formation
of a device. FIG. 2 1s a clip structure 200, under an embodi-
ment. The clip structure 200 includes numerous conductive
clips 202, each of which 1s used in formation of a device.

FIG. 3 15 a flow diagram for forming 300 a semiconductor
device using the lead frame structure 100 and clip structure
200, under an embodiment. Semiconductor device formation
includes forming the lead frame structure 100, which includes
multiple conductive mounting platiorms 102 that are used as
bottom heat slugs in the semiconductor assemblies of an
embodiment. Semiconductor device formation also includes
forming the clip structure 200, which includes multiple con-
ductive clips 202 each of which are used in the semiconductor
assemblies of an embodiment.

The semiconductor device formation 300 includes mount-
ing or applying 302 solder on one or more portions of each
conductive mounting platform in preparation for die attach-
ment. FIG. 4 shows solder 402 after mounting on a portion of
the conductive mounting platform 102 of the lead frame
structure 100, under an embodiment.

The semiconductor device formation 300 further includes
mounting 304 a first surface of a semiconductor die on the
solder surface. The first surface of an embodiment 1s a bottom
surface of the die, but the embodiment 1s not so limited. The
bottom surface may be either of an anode or cathode of the die
as appropriate to the device and the configuration of the top
surtace ol the die. FIG. 5 1s a semiconductor die 500 mounted
or attached to the solder 402, under an embodiment.

The semiconductor device formation 300 further includes
mounting or applying 306 solder to a second surface of the
die. The second surface of an embodiment 1s a top surface of
the die, but the embodiment 1s not so limited. The top surface
may be either of an anode or cathode of the die as appropriate



US 8,288,200 B2

3

to the device and the configuration of the bottom surface of
the die. FIG. S shows solder 502 after mounting on a second
surface of the die 500, under an embodiment. While the
device formation processes of an embodiment use solder 402
and 502 to join the die to the other components of the device,
alternative embodiments may use other compounds to join
the die to the other components of the device as appropriate to
the process and/or device.

The semiconductor device formation 300 further includes
mounting or attaching 308 the clip structure 200 to the lead
frame structure. FIG. 6 1s a clip structure 200 attached to a
lead frame structure 100, under an embodiment. The mount-
ing or attaching 308 of the clip structure 200 to the lead frame
structure 100 of an embodiment uses a fiducial hole 600 to
properly align the conductive clips 202 of the clip structure
200 with the die surface. The mounting 308 of alternative
embodiments may use other references, standards, structures,
and/or marks on one or more of the lead frame structure 100,
conductive mounting platform(s) 102, clip structure 200,
conductive clip(s) 202, and die 500 to properly position or
align the conductive clips 202 with the die surface. This
mounting 308 forms an electrical connection between a por-
tion of the surface of each conductive clip and the solder 502
of the corresponding conductive mounting platform. Conse-
quently, the combination of the conductive mounting plat-
form 102, the die 500, and the conductive clip 202, along with
the solder 402 and 502, forms an electrically conductive path
between the die 500 and each of the conductive mounting
platform 102 and the conductive clip 202, but the embodi-
ment 1s not so limited.

The semiconductor device formation 300 further includes
forming 310 a packaging enclosure around the components of
the semiconductor device. Forming the enclosure includes
encapsulating or encasing the conductive mounting platform
102, solder 402, die 500, solder 502, and portions of the
conductive clip 202 corresponding to the semiconductor
device 1n an epoxy or other suitable compound as appropriate
to the device and using processes as appropriate to the device.
FIG. 7 1s an encapsulated semiconductor device 700 attached
to the lead frame and clip structures, under an embodiment.
Following formation of the packaging enclosure 700, the
device 1s separated from each of the lead frame structures 100
and clip structures 200.

FIG. 8 1s a schematic of a portion of a lead frame structure
100 including a number of conductive mounting platforms
102, under an embodiment. FIG. 9 1s a schematic of a portion
of a clip structure 200 including a number of conductive clips
202, under an embodiment. These schematics of the lead
frame structure 100 and clip structure 200 includes dimen-
s1ons (e.g., millimeters) of an example embodiment, however
these dimensions do not limit the lead frame structure 100 and
the clip structure 200 to these exact dimensions as alternative
embodiments can use different dimensions as appropriateto a
specific semiconductor package design.

Aspects of the semiconductor device and process
described above can be used 1n any of a variety of electronic
components. Unless the context clearly requires otherwise,
throughout the description, the words “comprise,” “compris-
ing,” and the like are to be construed 1n an 1inclusive sense as
opposed to an exclusive or exhaustive sense; that 1s to say, 1n
a sense of “including, but not limited to.” Words using the
singular or plural number also include the plural or singular
number respectively. Additionally, the words “herein,” “here-
under,” “above,” “below,” and words of stmilar import refer to
this application as a whole and not to any particular portions
of this application. When the word “or’” 1s used 1in reference to
a list of two or more 1tems, that word covers all of the follow-
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ing interpretations of the word: any of the 1tems 1n the list, all
of the 1tems 1n the list and any combination of the 1tems 1n the
list.

The above descriptions are not intended to be exhaustive or
to limit the disclosed embodiments to the precise forms dis-
closed. While specific embodiments of, and examples for, the
semiconductor device and process are described herein for
illustrative purposes, various equivalent modifications are
possible within the scope of the description, as those skilled in
the relevant art will recognize. The teachings provided herein
can be applied to other manufacturing systems, not only for
the semiconductor device and process described above.

The elements and acts of the various embodiments
described above can be combined to provide further embodi-
ments. These and other changes can be made to the semicon-
ductor device and process in light of the above detailed
description.

What 1s claimed 1s:

1. A method for making a semiconductor device, compris-
ng:

forming a lead frame structure that includes a plurality of

conductive mounting platforms;
mounting a first surface of one of a plurality of die to each
of the plurality of conductive mounting platforms;

forming a clip structure that 1s distinct from the lead frame
structure, and that includes a plurality of conductive
clips, wherein a first end of each conductive clip 1s fixed
and connected to the clip structure, and a second end of
cach conductive clip 1s free;

placing the lead frame structure with the plurality of die 1n

proximity to the clip structure so as to attach each second
end of each of the conductive clips to a second surface of
one of the plurality of die, the first end of each conduc-
tive clip being oriented approximately 180 degrees from
the conductive mounting platform of the lead frame with
respect to the first and second surfaces of the device, the
conductive clip conductively coupling the second sur-
face of the die to the lead conductive mounting platiform
of the lead frame;

encapsulating each die to form a plurality of semiconduc-

tor devices on the lead frame; and

separating each semiconductor device from the lead frame

structure and the clip structure.

2. The method of claim 1, wherein aligning includes using
a fiducial hole to align the clip structure and the lead frame
structure.

3. The method of claim 1, further comprising applying a
conductive adhesive material to at least one of each conduc-
tive mounting platiorm and the first surface of each die.

4. The method of claim 1, further comprising applying a
conductive adhesive material to at least one of each conduc-
tive clip and the second surface of each die.

5. The method of claim 1, wherein mounting the first sur-
face of a die to a conductive mounting platform includes
applying a conductive adhesive material to the conductive
mounting platform and mounting a conductive portion of the
first surface of the die to the conductive adhesive material.

6. The method of claim 1, wherein mounting the clip struc-
ture to the lead frame structure includes applying a conduc-
tive adhesive material to a conductive portion of a second
surface of the die and mounting a corresponding conductive
clip to the conductive adhesive material.

7. The method of claim 1, further comprising forming a
packaging enclosure around at least one portion of a semi-
conductor assembly formed by each conductive mounting
platform, each die, and each conductive clip.
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8. The method of claim 1, wherein the semiconductor
device 1s a surface-mount discrete power device.
9. A method for making a semiconductor device, compris-
ng:

mounting a first surface of each of a plurality of die to each
of a plurality of conductive mounting platforms of a lead
frame structure;

aligning a clip structure that 1s distinct from the lead frame
structure to the lead frame structure, the clip structure
including a plurality of conductive clips, wherein a {irst
end of each conductive clip 1s fixed and connected to the
clip structure, and a second end of each conductive clip
1s free, and wherein aligning includes using at least one
reference structure to align the plurality of conductive
clips to corresponding die such that the free, second ends
of the each conductive clip are positioned over a second
surface ol each of the plurality of die, the first end of each
conductive clip being oriented approximately 180
degrees from the conductive mounting platiorm of the
lead frame with respect to the first and second surfaces of
the device;

mounting the clip structure to the lead frame structure,
wherein the mounting comprises placing the lead frame
structure with the plurality of die 1n proximity to the clip

structure so as to form an electrically conductive path
between each die and the second, free end of the con-
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ductive clip and a conductive mounting platform of the
lead frame structure to which each die 1s mounted;

encapsulating each die to form a plurality of semiconduc-
tor devices on the lead frame; and

separating each of the semiconductor devices from the lead

frame and the clip structure, including disconnecting
cach conductive clip from the clip structure and discon-
necting each conductive mounting platform from the
lead frame structure.

10. The method of claim 9, wherein the reference structure
includes a fiducial hole 1n at least one of the clip structure and
the lead frame structure.

11. The method of claim 9, further comprising applying a
conductive adhesive material to at least one of each conduc-
tive mounting platform, the first surface of each die, and a
second surface of each die.

12. The method of claim 9, wherein mounting the clip
structure to the lead frame structure includes applying a con-
ductive adhesive material to a conductive portion of a second
surface of the die and mounting a corresponding conductive
clip to the conductive adhesive material.

13. The method of claim 9, further comprising forming an
enclosure around each semiconductor assembly including
cach conductive mounting platform, each die, and each con-
ductive clip.
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